Abstract. Since December 1995, the Indonesian throughflow has been monitored in five major passages as it flows from the Indonesian interior seas to the Indian Ocean. Pressure differences across the straits enable us to infer the geostrophic surface flow, and so provide the first simultaneous time-series measurements of surface geostrophic flow through these passages. Intraseasonal signals (30-90 day) are a ubiquitous feature in the surface flow, and are consistent with wind-forced Kelvin waves from both the eastern equatorial Indian Ocean and the south coast of Java. Using a relationship with surface velocity from three contemporaneous ADCP surveys, we approximate surface (0-100 m) volume transport fluctuations through four of the main exit passages. The amplitude of the total surface transport variation through these passages is fairly uniform, ranging from 10-15 S v.
Introduction
Estimates of the water mass exchange between the Pacific and Indian Oceans through the Indonesian islands (known as the Indonesian throughflow, ITF) and its variability have been difficult to obtain because of the complex topography and the variable currents in the region. Yet, the ITF is believed to affect the global ocean thermohaline circulation and heat budget [Gordon, 1986] . Model studies have shown the throughflow not only impacts the current system and precipitation around Australasia but affects global weather patterns and sea surface temperature [Godfrey, 1996] . The extent of these changes depends on the magnitude and variability of the throughflow, that have yet to be thoroughly validated by observations.
In December 1995 an array of sub-surface pressure gauges was deployed to monitor the "outflow" straits, documenting the throughflow as it exits the interior Indonesian seas into the Indian Ocean. This array represents the first simultaneous measurements of surface flow through the Indonesian exit passages for a period of over two years (28 months). While at present we are unable to determine the "absolute" transport from these surface slope measurements (for reasons outlined below), we employ concurrent acoustic Doppler current profiler (ADCP) surveys of the straits to scale the surface flow to an anticipated order of transport magnitude through the straits. Our results confirm the current ideas of annual and semi-annual variability in the Indonesian throughflow. More interesting is the unexpected and pervasive intraseasonal (30-90 day) fluctuations measured in the throughflow pressure-gauge observations. This letter focuses on characterizing this intraseasonal energy. gauges were recovered, refurbished, and redeployed twice (March 1997 and April 1998) using Indonesian research vessels. Underway measurements include repeat ADCP and conductivitytemperature-depth (CTD) surveys taken across the outflow straits during the deployment and turn-around cruises.
Pressure gauge pairs span the passages and provide an estimate of the average surface geostrophic velocity through the strait. At periods greater than inertial (about 3 days at this latitude) scaling of the momentum equations suggests that the flow along the strait is in geostrophic balance with the cross-strait pressure gradient:
where the along-strait velocity v and pressure p vary with time, and x is the cross-strait direction, f is the local Coriolis parameter, and p is the density of seawater. There is a variety of evidence to support the geostrophic assumption relating cross-strait pressure difference to velocity through the straits. In Ombai Strait, the relationship was validated where pressure differences correlate favorably with direct measurements of surface velocity from a contemporaneous current meter at periods greater than 30 days (correlation coefficient of 0.7). For periods greater than 5 days, (30-35 days) . In the model, the combination of these forcing agents creates differences in spectra at various places along the southern Indonesian boundary, similar to changes in surface velocity spectra at intraseasonal frequencies in Figure 2 Previous estimates of mean throughflow have been wide ranging (2-22 Sv) in part because the throughflow has energetic components over many time and space scales which have not generally been well-resolved. Typically, the volume transport has either been extrapolated spatially from year-long measurements in a single passage [Murray and Arief, 1988; Molcard et al., 1994; 1996] or temporally from synoptic and repeated hydrographic cruises [Meyers et al., 1995; Fieux et al., 1994; 1996] . Estimates of volume and property transports through the Indonesian outflow straits must be placed within the context of signals on annual, semi-annual, and especially intraseasonal timescales. The multi-year pressure gauge record provides a unique opportunity to identify the relative contributions to transport of the various frequencies. Once the throughflow mean is known, time series of in situ temperature and salinity at each gauge site make it possible to estimate the heat and freshwater transports. The ITF is the world's only low-latitude interocean conduit and consequently plays a significant part in the global heat budget and freshwater balance.
